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Internet

Scalability

Security

Mobility

Reliability and availability
Predictabllity

Manageability

Best Effort

Mobility 1s not well supported
Sensing Is not well supported
Economics Is not concerned
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Future Network

Future Network
Requirements

A Scalability

A Security

A Mobility

A QoS

A Heterogeneity
A Robustness

A Customizability

Clean Slate — A Economics
| |
Substrate Architecture Service
Change Redesign
A Openflow A Slicing/Virtualization A Heterogeneous Service
A Packet + Circuit Core A Crosslayer communication 'f Data Centric Service |
Network (Optical A New ID, ID/locator split A (liontext Awareness Service
Burst Switch) A Autonomic management A €

A Flowed based Routing
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A Future network overview :

a

What is Future Network

Best Effort Internet E Programmable Network (Software
Defined Network) E Context Aware Network

4 Protocol : IPE IP and non-IP
4 Packet Switch E Flow base (Packet) Switch + Circuit

Switch

Non -scalable Internet E Scalable Internet: New ID,
ID/Locater split

One Internet Peer -to -Peer E Virtualization/Slicing

a
a Robustness, Reliable Network: Autonomic, Cross -layer
4 Fixed E Mobility : ID/Locater split
a Quality of Service (QoS)
a Context -awareness
a Security: New ID, OpenFlow
a Economics : Green Network Architecture
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IPv63 NGN 3 FI

ltems IPv6 NGN FI
Transport
Network IPv6 IPv4/IPv6 IP & others
TK/?Q;%%” Packet- based transfer Packet- based transfer packet + circuit transfer
: Cpncrete EVEE Concrete layered architecture :
Layering architecture and open : Cross-layer architecture
) and open interface
interface
Network :
Control IP Routing (IGP, BGP) Sgparatlon of contro! New control plane (OpenFlow)
Plane functions (IMS, IP Routing) (separated from data plane)
ldentity Subnet Global Unique Global Unique , ID/locator split
- A variety of ID schemes New ID, ID/locator split, and
ezl JPenkless seelle including IPv4 and IPv6 multi -level Locator
: Layered security (e.g., L2 New ID, ID/locator split,
SEEILY IFsEe e IPve security, L3-1Psec, etc.) Network Security
- Generalized mobility ID/locator split, Crosslayer
oIl MIPV6 (e.g., MIP) design, OpenFlow
T = Keflesh




Future Wireless Networks

IP is inappropriate for Power Sensitive Wireless/Sensor Networks

Future Network

Vehicular/airborne

Ad-hoc and c ” Network
Mesh Networks ognl_lve
Radio
Networks
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Data Centric Service

A The real Internet usage is dominant by data/content
centric traffic (P2P, CDN)

A Current Internet architecture is designed based on
the host-to-host communication paradigm

A The Future Internet based on the content -centric
paradigm to provide data/contents to the users
efficiently.
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Context Aware Services

User context: user profile, location, behavior
Physical context: brightness, noise, traffic conditions,
temperature

Computing context: network connectivity,
communication cost, neighboring devices

A Temporal context
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>

A Context awareness must coordinate with  programmable
network (Software Defined Network)



Slicing and Virtualization

(N ) n Sensor Network

Mobile Wireless Network S Edge Site

o = .\ RPeflesh Source: GENI and Optical Networking , Dr Paul A Morton,
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Future Internet Overview

Existing Internet Future Internet

(Best Effort, P2P 70%) |:> (Context Aware, Virtualization,
Cloud Computing)

Valuable Service
(Traffic)

Cloud Service
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New ID, ID/Locator Split

1. ID role: (32bits or 128bits)
A Global name A (hash function ) ID
2. Locator role: (32bits or 128bits)
Alocal (private) IP addresses

Scalable Internet
V ID+ASn global unique , AS(tier unigue
and limited to 216 ),
| D=hi d (| P vAl haghA S2ANits

V Keep use of DNS, with some extension.

NameS
AS# + ID
V TCP works on ID, IP on Locator,
Gateways(BGP) on AS #.
V Gateways advertises only AS #s, not
network prefixes.

. urn mapping lower tier
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Process Process

Transport Transpaort
—
Identification
id { Loc split
Network layer o IP address
Location
Link layear Link layar

your-pc #yournetwork.com

my-pc#mynebwork.com
i

Local Name

l + HIS Name

—
)
=l Global Name
=
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Substrate Change

OpenFlow:

Diverse applications

Diverse transport layers

IP| X| Y| Z

Virtualization layer

Diverse applications

Diverse transport layers

P

Diverse link layers

Diverse link layers

Diverse physical layers Diverse physical layers

IP Circuit
Switch




OpenFlow Basics

De-coupling Control & Data Planes
http://openflowswitch.org

Net Services

1]

7% L
¥ switch cQus*®
Controller
Secure
=i Channel Aaddidelete flow entries
AEncapsulated packets
...................... AController discovery

Flow
Table
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OpenFlow Switch/Router

Packet Switch Network

A De-coupling Control & Data Planes

A Based on a packet switch, with an internal flow table

A External controller and a standardized interface

A OpenFlow is completely backward compatible.

A The OpenFlow switch can behave as an IP router,
Ethernet switch or a standalone application layer firewall.

A A flow can be defined as a combination of any of the 10
fields that make up a header

Circuit Switch Network
A Layer 1 Switching

—_ Poaif Sg%rce: Simple Unified Control for Packet and Circuit Networks, Saurav
é_;f DERESSFTE S " Das’ Guru Parulkar and Nick McKeown, Stanford University 15



OpenFlow Switch Format

A Type 0 : OpenFlow is based on a packet switch
A Type 1: Circuit Switch

In
Port

VLAN
ID

Ethernet

IP

TCP

SA | DA

Type

SA

DA | Proto

sre | Dst

Type 0 : OpenFlow Switch & Flow-Table Entry Header

In/Out
Port

In/ Out
Lambda

VCG

Starting
Time-Slot

Signal
Type

Type 1: OpenFlow Circuit Switch Flow-Table Entry

VCG: Virtual Concatenation Group

yre g

Sg%rce: Simple Unified Control for Packet and Circuit Networks, Saurav
f)_as, Guru Parulkar and Nick McKeown, Stanford University
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Non-IP
Cloud

IP Cloud

Heterogeneous Network

OpenFlow enabled Future Internet

A OpenFlow WiFi AP
A OpenFlow Switch/Router

Ethernet
Switch

—-
.- - .-
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Volllr life

OpenFlow
Switch/Router

Future
Internet

Non-IP
Cloud
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Unified Control Plane (OpenFlow) Network

To establish a simple, automated unified control plane

—————

Packet and Circuit Flows ™,

. CommonlyControlled & Manaigi/f)
i, g e

Simple,
Robust,
Reliable —
network
of Flow

‘Switches

Flow
Network

... that switch at different granularities: packet, time-slot, lambda & fiber

2 4 a2 3 Source: Simple Unified Control for Packet and Circuit Networks, Saur
oy ST\ —— sy (e{;‘ \5%
PEFETSFEE b,@;\,s,/g-gru Parulkar and Nick McKeown, Stanford University
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Features of OpenFlow

VLANS

Mobile wireless VolIP clients

A non - IP network

Processing packets rather than ows

Data Center Network (proposed by NEC)
WSN (Wireless Sensor Network) application
Architecture for Service Overlay Network

© N o Ok WDNPE
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Network Management and Access Control
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Autonomic (Self -* Network )

; OAM

USol vi ng us e ralNomstic neevere by
configuration

U Building sustainable network brought by  easy
migration

U Infrastructure for solving social problem & building
future society

U Providing networks customized for individuals
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Economics: Green Network Architecture

A Slicing/Virtualization
A Core Network: Optic, Electronic Bypass
A Green Power

s.g CANARIE

A Zero CO2

Solar powered data centers

Amsterdam /Genéve
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